The higher incidence of cardiovascular events in the morning is accompanied by an increased vascular tone. However, there are few published studies designed to evaluate the diurnal variation of vascular and endothelial parameters in healthy subjects. In the present investigation, we evaluated the diurnal variation in brachial artery diameter (BAD), flow-mediated dilation (FMD) and endothelium-independent dilation (NFMD) in a homogeneous sample of healthy non-smoker young men. Fifty subjects aged 20.8 ± 0.3 years (range: 18 to 25 years) were investigated by brachial artery ultrasound. Exclusion criteria were female gender and evidence of clinically significant health problems, including obesity. Volunteers were asked to rest and avoid fat meals as well as alcoholic beverages 48 h before and until completion of the evaluations. BAD, FMD and NFMD were measured at 7 am, 5 pm, and 10 pm and tested by repeated measures ANOVA. BAD was smaller at 7 am (mean ± SEM, 3.8 ± 0.1 mm) in comparison with 5 pm (3.9 ± 0.1) and 10 pm (4.0 ± 0.1 mm; P < 0.001). FMD values did not change significantly during the day, while NFMD increased more at 7 am (18.5 ± 1.1%), when compared to 15.5 ± 0.9% at 10 pm and 15.5 ± 0.9% at 5 pm (P = 0.04). The physiological state of vasoconstriction after awakening, with preserved capability to dilate in the morning, should be considered to be part of the healthy cardiovascular adaptation before considering later life risk factors and endothelial dysfunction.
Introduction
Cardiovascular events such as sudden death, stroke and acute coronary syndromes have a higher incidence in the period surrounding awakening (1) (2) (3) . This vulnerable period has been ascribed to cardiocirculatory (3) and hemostatic (4) adaptations typical of this period of day. Changes in these adaptations have been implicated both in the genesis of atherosclerosis (5) and in the higher incidence of cardiovascular events during the morning period (6) .
A plethysmographic study of blood flow and vascular resistance in the forearm indicated that the circadian rhythm of vascular tone is related to increased alpha-sympathetic vasoconstrictor activity in the morning (7). This study was followed by others which analyzed the relationships between vascular and endothelial physiology and the increased frequency of cardiovascular events in the morning. Some of these were Doppler ultrasound studies carried out to determine brachial artery diameter (BAD) and its change after a stimulus, allowing inferences about the endothelial function (8) . These measures are the endothelium-dependent flow-mediated dilation (FMD) and endothelium-independent nitroglycerin-mediated dilation (NFMD). Part of these studies identified circadian variations and blunted responses during the morning period in Diurnal variation of vascular diameter www.bjournal.com.br individuals with (9,10) or without (11) a higher risk of developing cardiovascular events. These findings were not reproduced by others (4, 12, 13) . The inconsistency of findings related to the day-night and time of day variation in BAD and FMD could be secondary to the low statistical power of some studies and to the co-existence of different conditions that may influence vascular function, such as risk factors for vascular disease (12, 14) , use of medications (14) , gender (10, 14, 15) , age (14) , phase of the menstrual cycle (10, 15) , nutrition (14) , and environmental temperature (10) . Therefore, there is a lack of controlled studies specifically designed to evaluate the circadian variation in these parameters by Doppler ultrasound.
In order to determine which morning variations are physiological and present before the appearance of risk factors at an older age, we addressed the influence of time of day on BAD, FMD and NFMD in a homogeneous sample of healthy young men. If these young subjects present either lower FMD or vasoconstriction in the morning, it can be assumed that such characteristics are not the consequence of other risk factors.
Subjects, Material and Methods
The Ethics Committee of our institution approved the study and all participants agreed to participate after reading a detailed informed consent form. The individuals evaluated were 50 male subjects of the control group of a study on the effects of ethanol on cardiovascular parameters (16) .
All volunteers were evaluated at the echocardiography laboratory of the Charity Hospital of Santa Maria. They were asked to abstain from alcohol and other psychoactive substances 48 h before the study. Volunteers arrived at the laboratory at 4 pm and were evaluated by clinical history and physical examination, including the measurement of weight, height, and blood pressure. Afterwards, they rested for 10 min before beginning the first evaluation, done at 5 pm.
BAD and flow velocity measures were obtained according to the guidelines for the ultrasound assessment of endothelial-dependent flow-mediated vasodilation of the brachial artery (8) using an ultrasound instrument with a 10-MHz linear transducer (Aspen, Acuson Computed Sonography, USA). For each volunteer, optimized images of the brachial artery were obtained above the antecubital fossa of the right arm. This position was marked and all subsequent images were obtained at the same site. Vascular measurements were performed in the supine position in a quiet, temperature-controlled room of the echocardiography laboratory, with continuous electrocardiographic monitoring.
Initially, longitudinal two-dimensional images were acquired. Arterial flow velocity measurements were acquired using a pulsed Doppler signal at 60° to the vessel with the range gate (1.5 mm) in the center of the artery. After the baseline recording of BAD, a cuff was inflated in the forearm to 220 mmHg for 5 min, leading to arterial occlusion. During the procedure, the transducer position was carefully maintained. Following the rapid deflation of the cuff, pulsed Doppler signals were recorded for 15 s, and longitudinal images were assessed after 90 s. Thereafter, a 10-min period was allowed for recovery of the vessel. Longitudinal images were then obtained before and 4 min after the administration of 400 µg of sublingual nitroglycerin spray. Measurements were performed in three consecutive cardiac cycles at the peak of the R wave of the electrocardiogram. The measures were later averaged. All images were recorded on VHS for later analysis. Intraobserver variability, i.e., the mean difference between the measurements for each individual, was <3% for all measurements.
The measurements were repeated at 10 pm and 7 am. A standard low-fat meal was served at 8 pm. After the 10-pm evaluation, volunteers received a snack and were allowed to sleep in the laboratory until 6:30 am. Breakfast was served after the 7-am evaluation. Therefore, in the 7-am and 5-pm evaluations, patients had been fasting for more than 4 h, while the 10-pm evaluation was performed 2 h after a light, low-fat meal.
Data are reported as means ± SEM. The time effect on systolic blood pressure, diastolic blood pressure, heart rate, BAD, FMD, and NFMD variation in the three measurements was evaluated by repeated measures ANOVA. Between-time post hoc analyses were performed with Bonferroni adjustment for repeated measures using the SPSS software (Version 12.0; SPSS Inc., USA).
Results

Sample characteristics
The sample consisted of 50 healthy, volunteer, nonsmoker men aged 18-25 years (20.8 ± 0.3 years), with no history of cardiovascular disease or use of medication. Their average body mass index was 23.1 ± 0.3 kg/m 2 (range: 18.5 to 28.7). Table 1 shows that both heart rate and blood pressure were higher at 5 pm.
Vascular measurements
BAD did not differ at 5 pm and 10 pm (3.9 ± 0.1 and 4.0 ± 0.1 mm, respectively), but was significantly smaller at 7 am (3.8 ± 0.1 mm, Figure 1 ).
Flow-mediated dilation was constant through the day P.F.D. Bau et al.
www.bjournal.com.br and night, being 5.3 ± 0.5% at 7 am, 5.1 ± 0.6% at 5 pm, and 5.1 ± 0.6% at 10 pm (repeated measures ANOVA). A significant increase in NFMD was observed at 7 am (18.5 ± 1.1%), compared to 15.5 ± 0.9% at 5 pm and 15.5 ± 0.9% at 10 pm on the previous day (Figure 2 ).
Discussion
The present study reports the diurnal variation of vascular diameter, evaluated by vascular ultrasound, of healthy young males. The smaller diameter in the morning accompanied by a normal capability to dilate represents an important feature of the physiological adaptation of these parameters after awakening. When individuals get older and have other risk factors related to endothelial dysfunction, even relatively minor degrees of vasoconstriction in the morning may critically reduce blood flow (7) .
The cardiovascular adaptation in the morning, characterized by an increase in vascular tone, alpha-sympathetic vasoconstrictor activity, and catecholamine levels, has been reported for other age groups (7, 13) . As far as we know, our study is the first Doppler ultrasound study to describe smaller BAD in the morning period, contrasting with findings described by others (6, 11) . This lower BAD is consistent with the increase in peripheral resistance expected at this time of day. The fact that a lower heart rate accompanied the morning vasoconstriction could be explained by a circadian pattern of cardiac output and total peripheral resistance originating from the day-night pattern in physical activity (17) . During the nighttime, blood flow to the skeletal muscles is decreased through local autoregulation, which increases total peripheral resistance and decreases cardiac output compared with daytime (17) . Therefore, our results are in accordance with the overall cardiovascular adaptation expected after awakening and assuming the upright position. The interpretation that arteries were constricted at that time, maintaining their physiological capability to dilate, was additionally confirmed by the higher NFMD during the morning period. In fact, previous studies have shown that NFMD is inversely correlated with arterial diameter (18) .
Although our protocol included FMD measurements, the results should be interpreted with caution since recent studies (19) (20) (21) have suggested the need to correct FMD for the stimulus (shear stress). These studies showed that several risk factors for cardiovascular disease actually impact the shear stress itself, instead of endothelial function. A major issue is that FMD does not always reflect nitric oxide activity (21) . Unfortunately, the evaluation of shear stress was not thoroughly addressed in the guidelines followed here (8) . This scenario suggests that the Data are reported as mean ± SEM. HR = heart rate; SBP = systolic blood pressure; DBP = diastolic blood pressure. In the post hoc comparisons (with Bonferroni adjustment), HR, SBP, and DBP were higher at 5 pm (repeated measures ANOVA). Figure 1 . Figure 1 . Figure 1 . Figure 1 . Figure 1 . Brachial artery diameter (BAD) at different times of day. Data are reported as means ± SEM. P < 0.001 (repeated measures ANOVA). Significant post hoc differences are presented. Figure 2 . Figure 2 . Figure 2 . Figure 2 . Figure 2 . Endothelium-independent dilation (NFMD) measured at different times of day. Data are reported as means ± SEM. P = 0.04 (repeated measures ANOVA). A significant post hoc difference is presented.
clinical significance of time of day variation in FMD reported in previous studies (6,9-11) is controversial. Considering the time of day differences in BAD, the conclusions associated with endothelial function are difficult to interpret. There is a clear need for more studies specifically designed to evaluate the diurnal and circadian variation in these parameters before definitive conclusions about the morning surge in events can be reached. Most Diurnal variation of vascular diameter www.bjournal.com.br importantly, the diurnal variation in BAD confounds the results of endothelial function in the early morning. A weakness of the present study was the lack of a more detailed clinical assessment (such as laboratory tests). The young volunteers were considered to be healthy based only on clinical information (anamnesis and physical examination). Another limitation pertains to gender. The fluctuations in estrogen concentrations during the menstrual cycle are reflected in changes in levels of endothelial function markers (15) . The present study should be repeated in females in order to determine if there are gender similarities in the diurnal variation in vascular diameter and reactivity.
We demonstrated that, after awakening, young males present a physiological state of vasoconstriction, not accompanied by changes in endothelial function. Changes in this pattern throughout the life span should be taken into account in future studies of the morning peak in cardiovascular events.
